The [C ii] 158 µm fine-structure line is the brightest emission line observed in local star-forming galaxies. As a major coolant of the gas-phase interstellar medium, [C ii] balances the heating, including that due to far-ultraviolet photons, which heat the gas via the photoelectric effect. However, the origin of [C ii] emission remains unclear, because C + can be found in multiple phases of the interstellar medium. Here we measure the fractions of [C ii] emission originating in the ionized and neutral gas phases of a sample of nearby galaxies. We use the [N ii] 205 µm fine-structure line to trace the ionized medium, thereby eliminating the strong density dependence that exists in the ratio of [C ii]/[N ii] 122 µm.
INTRODUCTION
The far-IR [C ii] 158 µm fine-structure line is the strongest emission line detected in star-forming galaxies (Stacey et al. 1985 (Stacey et al. , 1991 Luhman et al. 1998) . The usefulness of this line comes from the fact that (1) carbon is relatively abundant, (2) it has a low ionization potential (11.26 eV), and (3) this particular transition is relatively easy to excite (∆E/k ∼92 K). As a result, all but the coldest and hottest gas is cooled by this collisionally excited line. Due to its prominence in the far-IR spectrum, [C ii] emission has been used to explore physical processes occurring in the interstellar medium (ISM) of nearby galaxies. For example, [C ii] emission has been used to trace the efficiency of heating photondominated regions (PDRs) via the photoelectric effect (e.g., Croxall et al. 2012 ), used as a calorimetric tracer of the current star formation rate (Stacey et al. 1991; De Looze et al. 2014; Magdis et al. 2014; Herrera-Camus et al. 2015) , and to diagnose the thermal pressure and ionization fraction of the neutral ISM (e.g., Madden et al. 1997; Wolfire et al. 1990 Wolfire et al. , 1995 Beirão et al. 2010) . Furthermore, at high redshift this line becomes one of the principal ways to trace the ISM and early star formation (Iono et al. 2006; Wagg et al. 2010; Stacey et al. 2010; Carilli & Walter 2013; De Breuck et al. 2014; Gullberg et al. 2015) .
Unfortunately, the usefulness of [C ii] emission as a diagnostic is also hampered by its ubiquity. The total integrated [C ii] emission along a line of sight includes contributions from warm ionized gas, diffuse atomic and molecular gas, and PDRs near hot stars and on the surfaces of molecular clouds (Bennett et al. 1994; Heiles 1994) . Thus, when studying a particular phase of the ISM, contamination from emission originating in the other phases must be removed for an accurate assessment of conditions in the ISM. For example, the PDR models of Kaufman et al. (2006) only account for emission from neutral gas and thus additional [C ii] emission from the ionized phase must be removed to derive a density and the incident UV flux, G 0 , from [C ii] observations. Furthermore, high densities of star-formation can lead to a [C ii] "deficit" that complicates understanding the origins of [C ii] emission (e.g., Luhman et al. 1998; Díaz-Santos et al. 2014; Smith et al. 2017) .
The difficulty of disentangling the origins of [C ii] emission were recently highlighted by Velusamy et al. (2014) lines-of-sight, finding that for the Milky Way [C ii] emission primarily originates in molecular gas (∼62 %) with the remainder coming from H I gas and the warm ionized medium. Unfortunately, applying this multi-tracer approch to study the origin of CII in distant galaxies is complicated as the spatial resolution of observations is limited, preventing the separation of different spatial components.
It is important to note that this technique can only separate phases which have distinct velocities. Velusamy et al. (2014) designate the C + which shares a line-ofsight velocity with CO emission as originating within molecular clouds. However that emission, at the same velocity, could arise from either a skin of molecular (H 2 ) and atomic gas in a PDR or indeed from ionized gas in the adjacent Hii region, limiting what can be inferred about the origin of [C ii] in ionized regions.
In a simplified model of the ISM, we can attribute the origin of [C ii] emission to either ionized or neutral gas, as carbon has an ionization potential of 11.3 eV, slightly lower than that of hydrogen, 13.6 eV. Conversely, [N ii] is only produced in the ionized medium as the ionization potential of nitrogen is 14.53 eV. We can thus trace the [C ii] contribution from gas dominated by ionized hydrogen via its association with [N ii] emission (Bennett et al. 1994) . Attempts to disentangle the origins of [C ii] emission using observations of the [N ii] 122 µm lines have been made (e.g., Kaufman et al. 1999; Malhotra et al. 2001; Vasta et al. 2010; Croxall et al. 2012) . However, the [N ii] 122 µm line has a critical density for collisions with electrons (∼300 cm −3 ) substantially higher than that of the [C ii] 158 µm line (∼45 cm −3 ). This leads to a strong dependence of the [C ii]/[N ii] 122 µm ratio associated with ionized gas on the gas density.
Measuring the fraction of [C ii] originating from ionized gas is more straightforward using the [N ii] 205 µm line (Parkin et al. 2013; Hughes et al. 2015) . Even though this line is significantly fainter than [N ii] 122 µm it has a critical density (∼32 cm −3 ) that is similar to that of the [C ii] 158 µm line in ionized gas (e.g., Oberst et al. 2006) . This leads to a negligible dependence of the line ratio on density. While this line proved difficult to detect in all but the brightest Herschel/PACS spectral-line observations, due to declining detector sensitivity past 200 µm, it is the brightest single line visible in SPIRE-FTS spectra of nearby galaxies (Kamenetzky et al. 2014; Herrera-Camus et al. 2015) .
In this paper we combine measurements of the [C ii] 158 µm and [N ii] 122 µm lines from the KING-FISH Herschel Open Time Key Project (Key Insights on Nearby Galaxies: a Far-Infrared Survey with Herschel, Kennicutt et al. 2011 ) with measurements of the [N ii] 205 µm line from the associated project, Beyond the Peak (BtP; OT1 jsmith1; P.I. J.D. Smith), which used SPIRE-FTS to map a subsample of KINGFISH galaxies, to deduce the fraction of [C ii] emission that originates in ionized gas. This Letter is structured as follows: Section 2 describes our Herschel observations of the fine-structure lines. In Section 3 we discuss the line ratios and possible complications in measuring the fraction of [C ii] emission arising from different phases. Finally, in Section 4 we discuss the origin of the [C ii] fine-structure emission.
2. DATA Our observations include photometric and spectralline observations from both the PACS and SPIRE instruments onboard Herschel; obtained as part of the large KINGFISH and BtP projects. The overlap between these programs consists of 21 central regions and 2 extra-nuclear regions that were initially selected from the SINGS Survey (Kennicutt et al. 2003) . Basic galaxy properties were taken from Kennicutt et al. (2011) . Oxygen abundances were taken from Moustakas et al. (2010) . For galaxies where Moustakas et al. (2010) provides a metallicity gradient, we have de-projected the galaxies and assigned metallicities of individual regions using the optical radius, inclination and position angles provided in Hunt et al. (2015) . We note that this does assume that galaxies do not have azimuthal scatter and that the abundances across an individual field (16. 8) are uniform.
SPIRE spectroscopy
BtP observations were performed with SPIRE-FTS intermediate mapping, a 4-point dither. A brief description of the data can be found in Pellegrini et al. (2013) . Pellegrini et al. (2017, in prep.) will contain a full description of the observations and reductions. We note that the telescope response function was calculated from the extended catalog of darks obtained late in Herschel's mission. Using these darks we have subtracted a high-order noiseless polynomial fit of the dark, bolometer by bolometer. We have used the individual bolometer fluxes from 281 sub-regions distributed across the 23 targeted regions, after applying an extended source correction (see Herrera-Camus et al. 2016 , for additional details). Line fluxes and the associated uncertainties are listed in Table 1 .
PACS photometry & spectroscopy
[C ii] and [N ii] 122 µm emission lines, and 70 and 160 µm continuum maps have been observed as part the Herschel open time key program KINGFISH. The data and the associated reduction are described in Kennicutt et al. (2011) and Croxall et al. (2013) . We have extracted line and continuum fluxes from regions corresponding to the positions and sizes of the SPIRE-FTS bolometers. Bolometers which did not fully overlap the footprint of the [Cii] maps were eliminated from our sample. Before extraction, maps were convolved to match the resolution of the SPIRE-FTS bolometers at 205 µm. Line fluxes and the associated errors are listed in Table 1 .
Density and [C ii] Emission
As previously noted, to use the [C ii] 158 µm line as a diagnostic for e.g., heating efficiency or star formation rate, it is necessary to distinguish the phases from which it arises. Given the sensitivity of Herschel, one possible method to isolate the contribution of [C ii] emission from ionized gas is to use the [N ii] 122 µm line which is emitted purely from the ionized phase Beirão et al. 2012) . The ratio of [C ii] 158 µm to [N ii] 122 µm is, however, density dependent. While the mid-IR [S iii] lines are often used to determine the density of interstellar gas, the critical density of these lines limits their diagnostic use in very low density gas. As shown in Figure 1 the contribution of [C ii] due to ionized gas,
where R ionized is the [C ii]/[N ii] ratio in ionized gas derived using the collision rates of Tayal (2008) 2 for [C ii] and Tayal (2011) for [N ii] and assuming Galactic gas phase abundances of carbon (1.6×10 −4 per hydrogen nucleus, Sofia et al. 2004 ) and nitrogen (7.5×10 −5 per hydrogen nucleus, Meyer et al. 1997) . We remind the reader that R ionized is the [CII]158um/[NII]205um ratio, ≈ 4.0, and is nearly independent of n e .
We measure an average [C ii]/[N ii] 205 µm ratio of 17.5, with half of all regions lying between 11-22. This indicates that (74±8)% of [C ii] emission originates in the neutral phase of the ISM, with half of all regions characterized by neutral fractions that lie between 66-82%; in very good agreement with Rigopoulou et al. (2013) .
Possible changes in the neutral fraction have been a source of concern in understanding the deficit of [C ii] relative to continuum emission at warm IR colors (e.g. Malhotra et al. 2001) . In Figure 3 , we show f [C II],Neutral as a function of the far-infrared color, νf ν (70 µm)/νf ν (160 µm) (left), and the star formation rate surface density (right), calculated following the Figure 3 . The fraction of [C ii] emission that originates in the neutral phase, assuming a solar C/N ratio, plotted as a function of the far-IR color (left) and the star formation rate surface density (right). Data binned to equal intervals are plotted as red diamonds, with error bars denoting the 25-75% percentile ranges in each bin. While there are weak correlations there is also significant scatter, particularly in gas described by a cool dust temperature.
procedure of Herrera-Camus et al. (2015) . This reveals a rough trend such that regions exhibiting a warmer farinfrared color also tend to have a larger fraction of their [C ii] emission originating in the neutral phase of the ISM. The trend seen in Figure 3 
might reflect increasing pressures in HII regions leading to suppression of both [N ii] and [C ii]. If the [C ii] emission from neutral regions is suppressed less by pressure ([C ii]
remains the dominant coolant in the neutral gas, so the gas temperature will rise until balanced by [C ii] emission) this could account for the observed tendency for f [CII] ,neutral to rise with increasing Σ SF R and 70/160 flux ratio.
Herschel observations of [C ii] emission in dwarf galaxies (Cormier et al. 2015) reveal elevated ratios of [C ii]/[N ii] 122 µm, suggesting a small fraction of the [C ii] emission originates in ionized regions in low metallicity galaxies. And a velocity-resolved SOFIA/GREAT survey of low metallicity dwarf galaxy NGC 4124 could associated only 9% of [C ii] with cold neutral gas.
Given that our data extend to higher metallicity, complementing the investigation of the neutral fraction of the [C ii] emission toward more metal-rich environments, we can better investigate the effects of metallicity on the origins of [C ii] To evaluate the impact caused by the variation of the C/N ratio as a function of the metallicity we calculate this ratio as a function of the O/H ratio using:
a functional fit based on stellar determinations for the variations with metallicity from Nieva & Przybilla (2012) as adopted in the most recent version of the MAPPINGS code (Dopita et al. 2013) . Although these trends track the general evolution of the C/N ratio, they do not take into account the significant scatter that is seen in Nieva & Przybilla (2012) . Nevertheless, the observed scatter is insufficient to explain the significant observed trend of [C ii]/[N ii] with metallicity. We combine the C/N ratio as a function of O/H with the collision strengths of Tayal (2011) The expected evolution of the C/N ratio with changing oxygen abundance produces a much flatter correlation than is observed. Figure 4 shows that observations of the [C ii]/[N ii] 205 µm ratio provide some indication of gas-phase metallicity. This was suggested as a possibility by the photoionization models employed by Nagao et al. (2012) , who fit ALMA observations of a sub-millimeter galaxy, though this is the first time this trend has been seen in observations of local systems where the metallicity can be measured using standard methods (Osterbrock & Ferland 2006) . We plot the linear fit to this empirical relation,
as a solid black line in the top panel of Figure 4 3 . We stress that this fit is (1) only an empirical fit and (2) only for the Pilyugin & Thuan (2005) calibration of the metallicity scale. Furthermore, the large scatter in [C ii]/[N ii] at any given O/H will lead to a large uncertainty in the determination of O/H if no other constraints are employed.
In the bottom panel of Figure 4 we show the derived quantity f [C II],Neutral as a function of the gas-phase oxygen abundance. We again include, as a red dashed line, the expected modest trend in [C ii] 158 µm/[N ii] 205 µm due to the changing C/N ratio.
While we here use the Pilyugin & Thuan (2005) calibration of abundances, these results are independent of the adopted calibration; for instance, using the calibration of Kobulnicky & Kewley (2004) would shift the points but not affect the overall relationship.
4. SUMMARY & DISCUSSION Using spatially resolved data obtained from the PACS and SPIRE instruments on board the Herschel Space Observatory, we have analyzed the fraction of [C ii] emission originating in the ionized and neutral ISM of 21 nearby galaxies from the Beyond the Peak and KING-FISH programs. We measure the ionized fraction of [C ii] by using the ratio of [C ii] 158 µm to [N ii] 205 µm, a method that has the unique advantage of being insensitive to density. Our result that elevated levels of [C ii]/[N ii] are observed at lower metallicity is consistent with observations of dwarf galaxies (Cormier et al. 2015) . Similarly, these results are also consistent with recent investigations into the origin of Galactic plane emission carried out in [C ii] (Pineda et al. 2013; Velusamy et al. 2014) and [N ii] (Goldsmith et al. 2015) that find 1/3 -1/2 of Galactic [C ii] emission is associated with ionized gas.
In our sample of 21 resolved, nearby galaxies we find:
• By directly accounting for the [C ii] associated with ionized gas, we find the typical fraction of [C ii] originating from neutral gas in our galaxy sample is 74%, and half of all regions have [C ii] neutral fractions between 66% and 82%.
• Weak correlations exist between the fraction of [C ii] originating in the neutral medium and the 3 The curvature in this line is due to the logarithmic scaling of the plot far-IR color and Σ SFR , such that gas characterized by warm dust temperatures and/or high Σ SFR has a smaller ionized fraction. However, there is significant scatter, particularly in regions described by cool dust color-temperatures.
• A correlation is found between the measured [C ii]/[N ii] 205 µm and the gas phase oxygen abundance of gas, such that metal poor galaxies have a significantly lower fraction of their [C ii] emission arising from ionized regions, whereas very metal rich regions may have up to half of their [C ii] emission originating from the ionized phase.
• The changes in ionized fraction we infer from trends in the observed [C ii]/[N ii] 205 µm ratio as a function of gas phase oxygen abundance are substantially larger than could be explained by the very mild modeled dependence of the underlying C/N abundance ratio on oxygen abundance itself.
• The decrease of f [C II],Neutral is better correlated with metallicity than other likely parameters such as FIR color, density, [C ii] luminosity, or starformation surface density. This observed decrease could be due to the harder radiation fields produced in a low-metallicity environments that may increase the relative abundance of C ++ in ionized gas at the expense of C + , leading to an increased
With the caveat that we cover only a modest range in gas phase metal content (from 8. 1-8.7 ; approximately 1/4-1 Z ) and star formation rate density (well below the observed and theoretical starburst maximum near 10 3 M yr −1 kpc −2 ), we can highlight several implications of these results:
• While [C ii] does inhabit both neutral and ionized regions within galaxies, the bulk of [C ii] cooling arises from dense or diffuse neutral gas.
• The low overall ionized [C ii] fraction in galaxies implies that PDR models which assess density and radiative heating intensity using this line can be employed with only modest concern of the effects of ionized contributions, although ignoring ionized [C ii] emission altogether could introduce biases at lower star formation rate densities and higher metallicity (where the ionized fraction peaks).
• Given the tight scaling between molecular gas surface density and star formation rate density (e.g. Kennicutt et al. 2007) , and the dependence of the [C ii] deficit and total surface brightness on the latter (Herrera-Camus et al. 2015; Smith et al. 2017 ), a correlation between [C ii] intensity and molecular content could be anticipated. Indeed, [C ii] is sometimes considered as a potential direct tracer of molecular gas in galaxies. Although we cannot here discriminate between molecular and atomic phases (with CO-dark gas contributing substantially to [C ii] in some environments), the uncertainty introduced by varying ionized gas contributions inherent in any mapping between [C ii] emission and molecular gas surface density must be substantially less than a factor of 2, becoming negligible at high star formation rate surface densities.
• The fact that the fraction of [C ii] arising from neutral gas rises to near unity as metallicities drop below 1/4 solar means that the high fractional [C ii]/TIR luminosities found in many starforming low metallicity galaxies (in contrast to the deep [C ii]/TIR deficits seen in ULIRGs and other compact star-forming systems) cannot be attributable to additional contributions to the line from energetic ionized regions.
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